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IN this note we wish to report preliminary results from 

the analysis of the infra-red spectrum of cyclobutadiene 

silver nitrate ~4Vg-J NO3 in relation to possible 

structures for the complex cation. 

Table 1 shows the spectrum obtained with Unicam SPl.00 

and Perkin-Elmer Model 21 spectrophotometers using ILF. 

NaCl and Cs Br optics and polycryatalline samples mulled 

in nujol, hexachlorobutadiene and fluorolube. Another 

spectrum obtained in a KBr disc showed evidence of 

decomposition of the complex. 

' H. Avram, E. Marica and C.D. Nenitzescu, Chem.Ber. 

92, 1088 (1959). - 
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36 The infra-red speatrum of [C,H,Agl HO3 No.26 

The primary purpose of the Investigation was to 

define the nature of the hydrocarbon ligand, and the first 

oonsideration is whether this has the formula C4H4 or 

‘8% Mmerio structures have to be considered beoause 

a hydrooarbon of this formula is evolved on treatment of 

the oomplex with sodium ohlorlde' and also because the 

overall epeotrum Is of some oomplexlty. However whereas 

the silver nitrate oomplex shows only two bands in the 

ethylenio CH region, the evolved hydrooarbon shows a 

prominent third band In the saturated CH region2*3 

oonsietent with a suggested formula (I)2; an analogous 

formula for the hydrocarbon part of the oomplex therefore 

seems unlikely. The epeotrum in the CH region would be 

oonaistent with an alternative atruoture involving os- 

ordinated oyoloootatetraene. There are, however, well 

defined differences between the spectrum as a whole and 

these of the oyoloootatetraene oomplexes C&Fe(C0j3, 

c$$@cl)2 and $++#@03’ Although these differences 

are most pronounoed In the regions of C=C stretohing and 

wt-of-plane CH angle deformation vibrations, and might 

2C. D. Renltsesou (personal oommunioation). 

%.J. Bellamy, Infrckred Speotra of Complex Yoleoules 

(2nd Edition) Methuen, London, 1958. 
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in part be explioable In term8 of the different extent 
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to which C-C bond8 are ooordinated to metal atom8,lt 

aeem8 on belanoe more likely thzt the 8tructure 18 

a monomerlo one. 

The oomplexity of the overall 8peotrum mentioned 

above Is moat evident In the skeletal and CE deformation 

regionrr3, and ir not found In the80 part8 of the speotrum 

which are more readily Interpreted in struotural teas. 

The two band8 in the CH reg%on, one in the W=@ region 

at 1479 omol (it i8 possible, but not likely, that a 

second bend la overlaid by the rtroag nitrate abrorption 

below 144C em-‘), and one in the region expected for 

Irg-C vibratione at 474 em-‘, all point fo a 8tructure 

that 18 not of great oomplexity and in which the Ag 

atom ia linked in an equivalent feshlon to eaoh of the 

C-C bonde. 

Before prOC8Oding further it i8 neoeseary to OOn8idOr 

the frequencies of the l!03-ion. Silver nitrate ltrelf 

8how8 it8 fund8mentel lnfra-red band8 at 1350 (V.3.). 

807(S) and 738 om-’ (M), the firet and laet of whlah 

correspond to doubly degenerate VibZ!atiOn84. Two very 

’ 0. Herzberg, Infra-red and I&man Speatra of Polyatomic 

Moleoules. Van Nostrand, New York, 1945. 



38 The infra-red spectrum of [C4H4.Ag] NO3 No.26 

strong bands at 1385 and 1305 cm-' in the spectrum of the 

complex correspond to the first of the N03- frequencies 

and the split degeneracy shows that the ion has probably 

been reduced in symmetry from D3h to C2v or less. In 

this situation the ca. 740 cm-1 band should also be 

split in the spectrum of the complex and the symmetrical 

N-O stretching frequency at ca. 1050 cm -' becomes allowed. 

We therefore provisionally assign bands to the nitrate ion 

as indicated in 

600 cm-l region 

three of medium 

five weak bands 

the Table. There remain in the 1600 to 

three strong bands at 1479, 936 and 827 cm-l, 

intensity (1176, 1161 and 1042 cm-l) and 

for assignment to the hydrocarbon ligand, 

although the list may be inbomplete because of the regions 

obscured by N03- absorption , particularly between 1400 
-1 and 1250 cm 

r 
. 

The spectroscopic dat 
1 
may now be considered in 

relation to possible structkres for [C4H4.AgT ion. 

We shall discuss principally the four structures (II) 

to (V) based on a 
9 
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Table 1: Infra-red frequencies of 3 in the solid state 

(mulled in nujol, hexachlorobutadiene, and fluorolube) 

3053 
2994 

2304 

1757 

1479 

(WI NO; combination (10% + 1305) 

(W) NOi combination (718 + 1059) 

(S) llC=C" stretching 

1385 
1305 

936 (S) 

859 
842 
827 
814 

758 
718 

641 

474 

NO; 

NO; 

(WI 

(s) Ag-C stretching 

CH stretching 

(Asymm. NO stretching) 

(Symm. NO stretching) 

(Out-of-plane deformation) 

(in-plane deformation) 

(W) weak, (M) medium, (S) strong, and (VS) very strong bands. 

The relative intensities only were estimated. 
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planar C4H4 unit. This type of formula accounts readily 

for the ethylenic type CH frequencies, and for the band 

at 1479 cm-1 which is in a very reasonable position for 

a C=C group of a 4-membered ring coordinated to a 

silver atom5'6. It is more difficult to account for 

the latter band, or for the Ag-C frequency of 474 cm-l, 

on the basis of the tetrahedral C4H4 unit suggested by 

Lipscomb'; a higher C=C frequency would be expected for 

a C4Ag 5-membered ring. 

No.26 

The structures(I1) to (V) require 5, 14, 10 and 

7 infra-red active fundamentals respectively in the 1600 

500 cm-l region4 for comparison with six bands of 

considerable intensity and five weaker ones. Taking the 

5 R.C. Lord and F.A. Miller, Applied Spectroscopy 

2, 115 (1956). 
- 

6 J. Chatt and L.A. Dunoanson, J.Chem.Soc. 2939 (1953); 

D.B. Powell and N. Sheppard, Speotrochim.Acta. 

& 69 (19581; H.P. Fritz (unpublished work) - 

7 W.N. Lipscomb, Tetrahedron Letters No.18, 20 (1959). 



No.26 The infra-red spectrum of [C4E4.Ag] 'SO3 

spectroscopic evidence at its face value a highly 
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UtlSpU- 

metrical structure such as (III) seems unlikely (particulezly 

as it would require two C=C frequencies) aa (IV) and (V) 

seem more probable. Strictly speaking (IV) also requires two 

C=C and Ag-C frequencies, but in this case it would be less 

surprising if one of each were weak. There are too many 

bands in the spectrum for the most symmetrical structure 

(II) to be present in the crystalline state. However 

it would perhaps be unwise to rule out this structure for 

a free ion in solution, as some of the spectral complexity 

may be the result of crystal distortions as for the nitrate 

ion. In summary, elthough a dimeric structure containing an 

ethylenic - type hydrocarbon ligand cannot entirely be ruled 

out on the basis of the spectroscopic evidence, the infra-red 

spectrum provides support for a monomeric formulation of 

C44’1 C H Ag NO3 involving an essentially planar hydrocarbon 

ligand, with structure (V) as most probable on the spectroscopic 

evidence alone. 

for 
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